O ne in four US adults aged 65 years or older has diabetes, and older adults are the fastest growing segment of the diabetes population. [1] [2] [3] Selecting the optimal treatment regimen for older adults with type 2 diabetes requires special considerations. [4] [5] [6] Older adults with diabetes often have multiple comorbid conditions that may present medication contraindications or interactions that limit the use of certain pharmacologic classes. [4] [5] [6] [7] [8] Functional and cognitive limitations become more common with aging which could limit the use of complex regimens. [4] [5] [6] 9 Further, preventing hypoglycemia is critical for older patients, and guidelines recommend avoiding medications with the highest hypoglycemia risk, particularly long-acting sulfonylureas and sliding-scale insulin. [4] [5] [6] [10] [11] [12] In recent years, three newer classes of diabetes medications have become available: glucagon-like peptide 1 (GLP-1) receptor agonists, dipeptidyl peptidase 4 (DPP-4) inhibitors, and sodium/glucose cotransporter 2 (SGLT-2) inhibitors. 13 These agents have a lower risk of hypoglycemia compared with sulfonylureas or insulin.
14 However, evidence is lacking for their comparative effectiveness and safety in older patients who are frequently excluded from diabetes drug trials. 14, 15 Practice guidelines for older adults provide little direction for clinicians choosing between older medications with greater hypoglycemia risk and newer medications with less established evidence. [4] [5] [6] Diabetes prescribing patterns provide insight into how the challenges of treating type 2 diabetes in older adults translate into clinical practice. US insurance claims data from 2006 to 2014 showed sparse uptake of newer diabetes medications in older adults, with sulfonylureas and insulin remaining the most common therapies after metformin. 16, 17 These findings suggest that sulfonylureas and insulin remain the mainstay of second-line therapy for older adults despite their higher hypoglycemia risk. To confirm these trends and determine whether they are unique to older adults, nationally representative data are needed that compare diabetes treatment between older adults and other age groups.
To fill these gaps, we compared national type 2 diabetes treatment patterns and trends among older adults (aged ≥65 y) and younger adults (aged 30-64 y) using the National Ambulatory Medical Care Survey (NAMCS), a nationally representative sample of ambulatory care in the United States. Insights from this study will help identify areas where diabetes treatment in older adults remains suboptimal and inform future research agendas that are most likely to improve the care of older patients.
METHODS

Data source
We used the 2006-2015 publicly available data from NAMCS, a national sample of visits to office-based physicians primarily engaged in direct patient care conducted by the US Centers for Disease Control and Prevention, National Center for Health Statistics. [18] [19] [20] NAMCS performs a stratified multistage sample of physician visits during 1-week reporting periods. 18, 19 Physicians are excluded if they are federally employed, a specialist in anesthesiology, pathology, or radiology, or 85 years or older. 18, 19 Data are collected by physicians and trained census field representatives who coordinate with physicians to standardize data collection. NAMCS methods are publicly available 18, 19 and described in detail in the supplement.
Study population
This study included visits in which a patient was identified as having type 2 diabetes and was treated with any diabetes medication, referred to here as treated diabetes visits. Type 2 diabetes was indicated on the NAMCS survey via a direct question asking whether the patient had type 2 diabetes (vs type 1 diabetes or unspecified diabetes). NAMCS respondents also reported up to three diagnoses associated with the visit that were coded according to the International Classification of Diseases, 9th Revision, Clinical Modification
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; visit diagnoses are less sensitive for ascertaining diabetes status than the direct survey question. 19, 22 Before 2014, the direct survey question asked only whether the patient had diabetes with no question about subtype. Therefore, for years 2006 to 2013, we included visits for patients indicated by the direct survey question as having diabetes and having no visit diagnosis of type 1 diabetes, gestational diabetes, or other diabetes. 31 Visits were excluded if the patient was younger than 30 years to increase the specificity for type 2 diabetes.
Survey variables
We classified older adults as 65 years or older and younger adults as 30 to 64 years of age. NAMCS ascertained the medications ordered, supplied (given to the patient at the visit), administered, or continued at the surveyed visits. This represents a patient's active medication list, that is, the medications that the physician intends the patient to be taking at the end of the visit. The maximum number of medications that could be reported changed during the study period from 8 (2006-2011) to 10 (2012-2013) to 30 (2014-2015) . Priority was given to new or continued medications and the medications used for the visit diagnoses.
Medications were identified by their generic components using Lexicon Plus (Cerner Multum, Inc). 19, 23 We grouped medications by pharmacologic class: metformin, sulfonylureas, thiazolidinediones, GLP-1 receptor agonists, DPP-4 inhibitors, SGLT-2 inhibitors, and insulin; data were insufficient to analyze other diabetes medication classes. Combination products contributed to each medication class in the combination. We also examined subcategories of interest: long-acting sulfonylureas (glyburide or chlorpropamide), long-acting insulin (insulin glargine or insulin detemir), and rapid-acting insulin (insulin aspart or insulin glulisine).
Statistical analysis
The main dependent variable was the proportion of treated diabetes visits in which the patient used a specified class of diabetes medication, reported as percentages. Data were grouped in 2-year intervals to provide adequate sample size to estimate subgroups. We also reported the total number of treated diabetes visits in which the patient used a specified diabetes medication class, presented as the yearly average.
All analyses were weighted to yield nationally representative estimates using Taylor-linearized variance estimation, and they met reliability standards recommended by the National Center for Health Statistics unless otherwise noted (see supplement for details). 18, 19, 24 The confidence intervals (CIs) for survey-weighted proportions were calculated using a logit transform so that the end points fell between zero and one. 25, 26 Cross-sectional comparisons of categorical variables by age category were performed using survey-weighted Pearson χ 2 tests with the Rao and Scott second-order correction. 26, 27 Temporal trends were modeled using surveyweighted logistic regression as done in Kantor et al. 28 We used Stata v.14 (StataCorp LP, College Station, TX) for all analyses. Two-sided p ≤ .05 was considered statistically significant.
Subgroup and sensitivity analyses
To further characterize patterns of diabetes treatment across the age spectrum, we subdivided age into four categories that were approximate quartiles: age 30 to 54 years, 55 to 64 years, 65 to 74 years, and 75 years or older.
We conducted two sensitivity analyses to examine whether longitudinal changes in the NAMCS survey affected our findings. (1) We repeated our analysis of treatment patterns and trends after reclassifying visits in 2014-2015 using the less specific definition of type 2 diabetes that was available in previous study years. (2) We repeated our analysis of medication trends and number of medications used per visit, limiting the analysis to the first eight recorded medications to make this consistent across the study period.
RESULTS
Visit characteristics
The average number of yearly treated diabetes visits during the study period was 25.4 million (95% CI = 22.9-28.0) for older adults and 24.2 million (95% CI = 21.5-26.9) for younger adults. Longitudinal trends in treated diabetes visits can be found in Supplementary Table S1 . The mean patient age was 74.7 years (standard deviation [SD] = 5.8 y) in older adult visits and 54.2 years (SD = 5.9 y) in younger adult visits; other visit characteristics can be found in Supplementary Table S2 .
Diabetes treatment in older and younger adults, 2014-2015 Table 1 shows the cross-sectional comparison of diabetes treatment by age in the most recent survey period, 2014-2015. Compared with younger adult visits, older adult visits had greater use of long-acting insulin (30.2% vs 22.4% of visits; p = .017) and lower use of metformin (56.0% vs 70.0%; p < .001) and GLP-1 receptor agonists (2.9% vs 6.2%; p = .004). The estimate for GLP-1 receptor agonist use in older adult visits did not meet reliability criteria by a small margin; we repeated the analysis using an additional year of data (2013-2015) that met reliability criteria and found similar results (2.7% vs 5.9%; p < .001). Use of sulfonylureas, thiazolidinediones, and DPP-4 inhibitors was similar by age. SGLT-2 inhibitors were used in 7.2% of younger adult visits; data were insufficient to estimate this for older adult visits. The use of any insulin or any sulfonylurea was greater in older compared with younger adult visits (65.3% vs 54.8%; p = .016). Among visits in which sulfonylureas were used, there was less use of longacting sulfonylureas (predominantly glyburide) in older compared with younger adults (19.9% vs 34.1%; p = .017).
Diabetes medication trends in older and younger adults Figures 1 and 2 show trends from 2006 to 2015 in the use of noninsulin diabetes medications and insulin, respectively, presented quantitatively in Table 2 . Trends in diabetes medication use in both older and younger adult visits were characterized by increasing use of metformin, DPP-4 inhibitors, and insulin, and decreasing use of sulfonylureas and thiazolidinediones. In older adult visits, long-acting sulfonylurea use decreased substantially during the study period from 18.5% to 6.5% (P-trend <.001), whereas the decrease was modest in younger adult visits (13.6% to 9.9%; P-trend = .059).
There was a marked increase in the use of insulin in older adult visits, particularly from 2010-2011 onward. During this period, any insulin use rose from 25.3% to 39.0% of older adult visits (P-trend <.001), and long-acting insulin use rose from 12.5% to 30.2% (P-trend <.001).
In younger adult visits, use of any insulin was stable (33.8% to 33.0%; P-trend = 0.87); long-acting insulin increased modestly (17.2% to 22.4%, P-trend = 0.081). The use of any insulin and long-acting insulin increased significantly faster in older adult visits than in younger adult visits during this time period (p < .001 for each interaction between age category and medication trend).
Diabetes monotherapy and combination therapy in older and younger adults
The most common monotherapies in both older and younger adult visits were metformin, insulin, and sulfonylureas Abbreviations: CI, confidence interval; DPP, dipeptidyl peptidase; GLP glucagon-like peptide; SGLT, sodium/glucose cotransporter. (Table 3 ). In older compared with younger adult visits, metformin monotherapy was used less often (43.4% vs 59.6%, p = .010); sulfonylurea monotherapy was used more often (15.7% vs 4.4%, p < .001). Combination therapies were overall similar in older and younger adult visits. Notably, the combination of sulfonylurea and insulin was the third most common combination among older adult visits, accounting for 8.4% of combination therapy visits.
In 2014-2015, the number of diabetes medications used per visit was similar in older and younger adults (Supplementary Table S3 ), with 30.6% of older adult visits using two medication classes and 11.2% using three or more classes; 29.9% of younger adult visits used two classes, and 16.7% used three or more classes. Over time, there was an increase in the proportion of younger adult visits using three or more classes (P-trend = 0.036) and in the proportion of older adult visits using two or more classes (P-trend = 0.032). 
Diabetes treatment in four age subgroups
Examining diabetes treatment in 2014-2015 among four age subgroups revealed several notable findings (Supplementary  Table S4 ). Metformin use decreased across categories of increasing age (P-trend <.001) and was much lower among individuals 75 years or older compared with other age categories (49.2% vs 66.5%; p < .001). Temporal trends in diabetes treatment showed similar increases in the use of long-acting, rapid-acting, and any insulin for individuals aged 65 to 74 years and 75 years or older (Supplementary Figure S1) .
Sensitivity analyses
The results of sensitivity analyses can be found in Supplementary Tables S5 through S8 . Reclassifying visits in 2014-2015 using the less specific definition of type 2 diabetes from previous study years resulted in an additional 12.0 million yearly visits and 12.5 million yearly visits for older and younger adults, respectively. Of these additional visits, 9.5% were classified as type 1 diabetes; 90.5% were classified as unspecified diabetes in the primary analysis. Compared with results of the primary analysis, sulfonylurea use in 2014-2015 was now significantly greater in older than younger adult visits; there were no other substantial differences in treatment patterns and trends. Using only the first eight recorded medications found that temporal trends in the number of diabetes medications used per visit were attenuated compared with the primary analysis.
DISCUSSION
This study compared the ambulatory treatment of type 2 diabetes among older and younger adults in the United States using nationally representative data from 2006 through 2015.
During the most recent survey years, there was greater use of long-acting insulin in older adult visits compared with younger adult visits, and lower use of metformin and GLP-1 receptor agonists. There was a marked increase in the use of insulin in older adult visits over time, particularly long-acting insulin, whereas insulin use in younger adult visits was relatively stable. Therefore, the treatment of type 2 diabetes is evolving differently in older and younger adults, driven in part by a rapid increase in long-acting insulin use among older adults. We found key treatment differences between older and younger adults in 2014-2015. There was lower use of metformin in older adult visits, particularly for those individuals aged 75 years or older, likely due in part to a higher prevalence of chronic kidney disease among older adults, which is the major contraindication to metformin use. 8, 29, 30 In 2016, the US Food and Drug Administration adopted less restrictive guidelines on the use of metformin in chronic kidney disease. 31 Future studies should examine the impact of this change. We also found that DPP-4 inhibitor use was similar by age, whereas GLP-1 receptor agonists were used less commonly in older adult visits. It is possible that GLP-1 receptor agonists are less desirable for older patients due to their sideeffect profile or injectable mode of administration. 8, 32 Longitudinal trends in older adult visits were characterized by decreasing use of sulfonylureas and thiazolidinediones and increasing use of metformin, insulin, and newer diabetes medications, consistent with previous studies using claims data. 16, 17 Notably, long-acting insulin use in older adult visits more than doubled between 2010-2011 and 2014-2015, resulting in insulin now being the second most common treatment after metformin. This could reflect the increasing complexity of diabetes treatment among older The P-value of the β-coefficient for 2-year period in the logistic regression described above. c Comparing trends in younger and older adults as the P-value of the β-coefficient for the interaction term in survey-weighted logistic regression for the outcome of use of the designated medication, with predictors of 2-year period, age category, and their interaction. Abbreviations: CI, confidence interval; DPP, dipeptidyl peptidase; GLP glucagon-like peptide; SGLT, sodium/glucose cotransporter. adults, although we observed only a small increase in the number of diabetes medications used per visit during the study period. We hypothesize that several other factors are driving this trend. First, use of sulfonylureas and thiazolidinediones is decreasing, in accordance with practice guidelines to avoid these classes in older patients. 4, 5, 12 Second, use of newer classes of diabetes medications has been sparse in older adults, with GLP-1 receptor agonists used particularly infrequently. Third, whereas use of DPP-4 inhibitors has increased substantially in older adults, they have lower glycemic efficacy than other classes and thus may not substitute for insulin.
14 Notably, evidence is lacking that longacting insulin is safer or more effective than newer medication classes in older adults. [4] [5] [6] Therefore, the rapidly increasing use of long-acting insulin in older adults calls for further research to clarify its effectiveness and safety compared with newer classes of diabetes medications to determine whether, and under which circumstances, long-acting insulin should be preferred for older patients.
These findings also have implications for the prevention of hypoglycemia that is almost entirely due to sulfonylureas or insulin. 4, 5, 10 Sulfonylureas or insulin were used in nearly two-thirds of older adult visits, a significantly higher proportion than younger adult visits. The progressive nature of type 2 diabetes may contribute to greater insulin use over time 8, 33 ; data on diabetes duration are not available in NAMCS. Use of long-acting sulfonylureas, predominantly glyburide, has been decreasing in older adult visits, which may be related to the inclusion of glyburide in the American Geriatrics Society Beers Criteria in 2012. 12, 34 However, glyburide still accounts for approximately 20% of sulfonylureas used in older adult visits. Therefore, the treatment of type 2 diabetes in older adults remains suboptimal with respect to minimizing the use of agents with higher hypoglycemia risk.
Our findings also have implications for understanding the rising cost of diabetes care in the United States. 35 Currently, insulin accounts for approximately half of diabetes medication expenditures, and rising costs have been attributed to use of expensive long-acting insulin products. 35, 36 We identified that increasing use of long-acting insulin is predominantly attributed to older adults. Therefore, understanding the reasons for this trend will be critical to achieving high-value care for patients with type 2 diabetes in the United States.
This study has several limitations. NAMCS data represent ambulatory visits and not individual patients who may be over-or underrepresented depending on their use of ambulatory care. In particular, patients with multiple chronic conditions have greater healthcare utilization and may be overrepresented compared with the general population. 37 A dedicated survey question identifying patients with type 2 diabetes was available in NAMCS starting in 2014; before this we relied on diagnosis codes to exclude other diabetes subtypes. Our data suggest this method likely failed to exclude a small number of individuals with type 1 diabetes and some individuals with other subtypes. However, our findings of diabetes treatment patterns in 2014-2015 and temporal trends were similar regardless of diabetes definition. NAMCS increased the number of medications that could be listed during the survey period, and we cannot exclude that our findings of increasing number of medications used per visit were a result of this change.
In conclusion, the outpatient treatment of type 2 diabetes differs between older and younger adults, with the treatment of older adults characterized by a low use of newer diabetes medications and a disproportionately high and growing use of long-acting insulin. As a result of these trends, nearly twothirds of older adults are treated with second-line medications with a high risk of causing hypoglycemia. These findings highlight the need for more research in older adults to clarify the effectiveness and safety of newer diabetes medications that may have a lower risk of hypoglycemia compared to long-acting insulin. These data will be necessary to develop practice guidelines for older adults that address the tension between the use of insulin vs newer diabetes medications, helping clinicians select the optimal treatment for type 2 diabetes across the age spectrum.
